Abstract 23
The role that bacterial factors play in determining how bacteria respond to photocatalytic 24 degradation is becoming increasingly recognised. Fimbriae which are thin, proteinaceous cell 25 surface structures produced by many enterobacteria are generally considered to be important 26 bacterial virulence determinants in the host. Recent studies, however, suggest that their 27 expression may be increased during times of environmental stress to protect them against 28 factors such as nutrient depletion and oxidation. In this study bacteria were grown under 29 defined culture conditions to promote the expression of type 1 fimbriae and subjected to 30 photocatalytic treatment. 31
Results showed that Escherichia coli grown under conditions to express type 1 fimbriae were 32 more resistant to photocatalytic destruction than control cultures, taking 75 minutes longer to 33 be destroyed. Curli fimbriae are also known to play a role in environmental protection of 34 bacteria and they are associated with biofilm production. The ability of the E. coli strain to 35 produce curli fimbriae was confirmed and biofilms were grown and subjected to 36 photocatalytic treatment. Biofilm destruction by photocatalysis was assessed using a resazurin 37 viability assay and a loss of cell viability was demonstrated within 30 minutes treatment time. 38
This study suggests that intrinsic bacterial factors may play a role in determining an 39 organism's response to photocatalytic treatment and highlights their importance in this 40 disinfection process. 41
To promote the expression of type 1 fimbriae, statically grown bacteria were serially passaged 108 (times three) in Brain Heart Infusion (BHI) broth (Oxoid, UK), using a method described by 109
Humphries et al [38] . A statically grown, non-passaged culture was also prepared along with 110 a control culture (as described in section 2.1). Expression of type 1 fimbriae, in all three 111 cultures, was assessed using a mannose sensitive haemagglutination assay (MSHA) as 112 described by Sojka et al [39] . 113 114
Assessment of susceptibility of serially passaged culture to photocatalytic degradation 115
Sterile 150 ml glass beakers containing 99 ml of sterile 0.9 % NaCl with 1g/L TiO2 (P25 116
Evonik, Frankfurt, Germany) were inoculated with 1 ml of the appropriate washed bacterial 117 culture ( ∼ 1x10 8 CFU mL -1 ). UV illumination was provided by a 6 x 8 W UV-A lamp 118 (spectral output 311-415 nm peaking at 368 nm; Philips TL 8W/08 F8 T5/BLB) which was 119 housed within a light protective box. The photonic output of the lamp was determined to be 120 6.8 x10 -5 Einstein's s -1 using ferrioxalate actinometry. The light intensity at the position where 121 the photocatalysis was being undertaken was determined to be an average of 2.86 mW cm -2 122 using a UVP, Model UVX digital Radiometer (Cole-Parmer, UK). Reaction vessels were placed 123 at a distance of 10 cm from the UV lamp and magnetically stirred throughout the 124 experimental period. Reaction mixtures were sampled at 15 minute intervals, with serial 125 dilutions performed in sterile 0.9 % NaCl. Then 20 µl drops of each dilution were placed, in 126 duplicate, onto well dried nutrient agar plates. Plates were incubated for 24 hrs at 37 º C and 127 viable counts determined. Controls consisting of bacterial suspensions exposed to UV light indays and plates were examined daily for the production of rough/lacy colonies. A known, 135 non-biofilm producing strain (E. coli ATCC 8110) was included as a control. Biofilms were 136 grown in 24-well plates (Nunclon TM surface plate) using 1/20 TSB broth growth media, 137 according to the method of Solomon et al [40] and growth was assessed using a crystal violet 138 binding assay. Control samples with media only were included in each 24 well plate. 139 140
Photocatalytic destruction of E. coli biofilms 141
To prepare biofilms for photocatalytic destruction experiments, growth medium was 142 carefully removed from the surface of each biofilm and replaced with 400 µl of either TiO2 143 (1g/L) in 0.9 % NaCl or with 0.9 % NaCl only (UV only control). Plates were placed under a 144 6 x 8 W UV-A lamp, as described in section 2.3, at a distance of 10 cm and illuminated for 3 145 hrs. Dark controls were achieved by covering wells containing TiO2 (1g/L) in 0.9 % NaCl 146 with aluminium foil to prevent exposure to light. Biofilm viability was then assessed using the 147 resazurin dye reduction test. Briefly, at the end of the illumination period, medium was 148 
Expression of type 1 fimbriae 156
The expression of type 1 fimbriae correlates with an organisms ability to agglutinate red 157 blood cells, this agglutination is mannose sensitive and can thus be inhibited/reversed by the 158 addition of mannose [29, 39] . Results from the MSHA (table 1) show that both the, statically 159 grown, serially passaged and non-passaged cultures expressed type 1 fimbriae, however 160 expression was clearly stronger in the serially passaged culture and therefore this culture was 161 chosen for further study. The control culture, which was not grown under conditions to 
Effect of serial passaging on susceptibility of E. coli to photocatalytic destruction 176
Results from Figure 1 show that the serially passaged culture, expressing type 1 fimbriae, 177 took 75 minutes longer to be completely destroyed than the non-passaged control culture, 178 which did not express any type 1 fimbriae, according to the MSHA. and Pulgarin [23] showed that bacteria harvested at the third generation of culture were less 211 sensitive to irradiation than those taken from the seventh one and suggested that this was due 212 to mutations that arose from successive sub-culturing of bacteria. In our study however a 213 serially passaged culture, which was grown under static culture conditions, was more 214 resistant to photocatalytic treatment and we have shown that one such change induced 
